Status Update for
MINE RVA




Overview

s Why MINERVA?

 Beam and Detector.

e Current Analysis Efforts.

* The MINERVA Test Beam.

e Conclusions and Future Outlook.
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 About 80 nuclear and particle
physicists from 21 institutions.
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e What: Dedicated neutrino-nucleus
cross-section experiment running at
Fermilab in the NuMI beamline.

 Why: Provides critical input to future
neutrino oscillation experiments.

e Why: Low energy (less than 10 GeV)
cross-sections are poorly measured.

 Why: Unique (weak-only) probe of the
nucleus. Many poorly measured
quantities of interest (axial form factors
as a function of A and Q?, quark-hadron
duality, x-dependent nuclear effects,
etc.).
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No MiniBooNE results on this
plot, but hold that thought...
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Why MINERVA?, Cont.

 Open questions in interaction physics abound. For example:

* MiniBooNE & SciBooNE are in agreement, but conflict with NOMAD data
at higher energy. MINERVA is well suited to address this discrepancy.
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The NuMI Beam

NuMi BeamMC | ¢ The mean energy of the NuMI v beam is tuned by changing
the position of the target relative to the focusing horns (move
—LE | the target in or out of the first horn).

—ME

 Extremely intense - <35e12> P.O.T. per spill at 120 GeV with a
beam power of 300-350 kW at ~0.5 Hz.

e Current run plan is 4e20 P.O.T. in the “low-energy” (LE)
configuration and 12e20 P.O.T. in the “medium-energy” (ME)
configuration.

................. — ’

5 10 15 20 ¢ Targeting ~10% for the absolute flux uncertainty.
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The Best Thing Since
Sliced Bread...
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(Coming The MINERVA detector is comprised of a stack of MODULES
Fall 2010) of varying composition, with the MINOS Near Detector acting
as a muon spectrometer. Finely segmented (~32 k channels)

with multiple nuclear targets (C, CH, Fe, Pb, He, H20).
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Modules have an outer detector ...and an inner detector element of
frame of steel and scintillator... scintillator strips and absorbers/targets.
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Charge-sharing for improved
position resolution (~3.5 mm).

Planes are mounted
stereoscopically in
XU or XV orientations
for 3D tracking.
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e Modules constructed above
ground and lowered ~100 meters
by crane into the NuMI Near
Detector Hall.

e ~3/5 installed November 12, 2009.
Our “Frozen Detector.” Ran in
anti-v mode through Spring 2010.

 Began installation of final ~2/5 in
early January, 2010. Continued
anti-v run during construction.

* Installation completed (including
all nuclear targets except He and
H20) on March 18, 2010 & began v
data run on March 22, 2010.
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Gabriel N. Perdue -

Analysis Efforts

GAUDI based software framework (ATLAS, LHCD).
Grid-based production (300 slots).

 Can re-process our current anti-v data set in ~couple of days
of real time.

Primary focus is calibration, validation, and automation for our
anti-v and growing v data sets.

e Also producing preliminary kinematic distributions for our
anti-v data set.

Validation of the full detector ongoing - not ready for the public
yet.

 Expect ~9 million CC events in the active scintillator over the
course of our full Run Plan (LE+ME, NEUGEN prediction).
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Anti-v Data Set Analysis

 Understanding MINERVA Event Displays:

e Typically show only one view, scintillator strip vs. module (Z) position.
« Xview is essentially looking at the detector from above.

* Tracking resolution is ~3.3 mm; Timing resolution is ~4.5 ns.
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Anti-v Data

e Anti-v Data: Inclusive CC analysis.

e Momentum analyze muons in MINOS
using curvature - implies a few GeV
cutoff. Momentum is at the vertex.

e Cut on high quality tracks in both
detectors and clean vertices -
characterization still a work In

progress.
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Kinematic Distributions
Anti-v MC
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v Data Set Analysis
(Full Detector)

Began taking data on March 22.
Kinematic distributions and early analyses coming soon!
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Data Quality Checks - Live-time,
Live Channels, Occupancy

Inner Detector - Hit Occupancy

| NHits for Strip (y) vs Module (x) |

Outer Detector - Hit Occupancy

| NHits for Bar (y) vs Module (x) |

120 :— 452_
— l pry =
100 — 1 =
- B 35~
é so:— ? | E 30;_
3 - i SR =
— =2 =
o 60 F z 2ol
n - EF (11] =
40_— ﬁ. 15:_
- | 10—
— n=
- F ||| |||||||||| || = .
%o 100 %0 0
Module Number (Discriminator FIRED)
= 18 — 12 =~
® — i o~
@ — ] o
b 1.6 [ Total POT ] -
oy — délivered! 1.214e+20 10 ‘g
= — _
= 14— recorded: 1.153e+20 'u'u
o [ — 4=
=3 — — =
% 12 ast week POT i o
o — delivered: 4.865¢+18 - §
[ [ 4
pe 1— recorded: 4.774e+18 _ °
o — e =
lﬂ [ - —
c 08— ]
9 — ] °
n — 1 L
g 06— —4
0.4— i
- —2
0.2 — :
0 [ I : \ : T T TN W NN TR T M TR NN N T M M | |_ 0
[i] 50 100 150 200 250 300 350

days since January 1, 2010

Gabriel N. Perdue - The University of Rochester

15

20 40 60 80
Module Number (Discriminator FIRED)

9 Beam Direction

Detector Health:

e >959% livetime

e ~20 (inner detector) +

~10 (outer detector)
dead channels out of
~32,000!
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MINERVA Test Beam

* Running at the FNAL Meson Test Beam Facility
(MTBF).

* Provide hadronic response calibration (ratio of rt/[).

* 40 planes In XUXV stereoscopic orientation using the
same scintillator and absorber geometry.

 Reconfigurable - can shuffle absorber configuration
to mimic any part of the detector.

e Just finished first physics run June 10 - July 17, 2010.
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Test Beam - New Tertiary Beamline
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e 16 GeV pion beam

on a Cu target
produces tertiary
pion beam from 400
MeV to 1.2 GeV.

Four wire chambers,
two dipole magnets,
and time-of-flight
system for
triggering.

* Now part of the

facility!
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Conclusions

* MINERVA is in the early stages of analysis of
our anti-v data set, and just beginning the
analysis of the first leg of our “low-energy” v
data set.

 Everything is on track for a useful and
interesting set of measurements!

 Look for some exciting distributions and
preliminary results in the near future!
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Thanks for Listening!
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Back-Up Slides
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Modules have an outer detector ...and an inner detector element of
frame of steel and scintillator... scintillator strips and absorbers/targets.

 Four basic module types:
 Tracker: two scintillator planes in stereoscopic orientation.

 Hadronic Calorimeter: one scintillator plane and one 2.54-cm steel
absorber.

* Electromagnetic Calorimeter: two scintillator planes and two 2-
mm lead absorbers.

 Nuclear Targets: absorber materials (some with scintillator
planes).

 Instrumented outer-detector steel frames.

120 Total Modules: 84 Tracker, 10 ECAL, 20 HCAL, 6 Nuclear Targets.
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Plastic scintillator strips form the
active detector elements.

Extruded scintillator
& wavelength
shifting fibers. 16.7 mm
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Pions with
pr=300 MeV/c and
p=5 GeV/c
p=10 GeV/c
p=20 GeV/c

“High”
Energy

} — |
: B
Horn 1

| target

(Slide courtesy of S. Kopp.)
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Horn 2

Vary v beam energy
by sliding the target
m/out of the I°" horn
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The NuMI Beam - Flux

NuM| Beam MC

gwo ; j —LE e GEANT3-based Monte Carlo using FLUKA to
g —ME calculate the flux of particles off the target.
N%E,  Evacuated decay pipe (now filled with He gas).

] ] | * Fluxes calculated at the center of the detector
0 By (1030.99m from the upstream end of horn 1).

0 3] 10 15 20
Neutrino Energy (GeV)

| wviseamme - © All fluxes (for display purposes) are plotted at
150] | a single point, whereas the MINERVA detector
. :Z:t:kAEE Is large in transverse size. This Is properly
taken into account when calculating Monte

Carlo data sets for MINERVA.

vIGeV/m?/10°protons
=
o
B &
.56 . 5 PSS

 Goal for the flux uncertainty is ~10%.

0 5 10 15 20 LE = low energy target, horns separated by 10m, target at z= -10cm; LE010/185kA.
Neutrino Energy (GeV) ME = low energy target, horns separated by 23m, target at z= -100cm; ME100/200kA
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p. (GeVic)

e Can vary

— Horn current (p
kick supplied to 7’s)

— Target Position (x
of focused particles)

* Plots show (x; ,pr)
of 7+ contributing to
neutrino flux.

 Similar plots exist
for kaons

e Minerva will
acquire data from
total of 8 beam
configurations
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Explanatory Notes for Previous Page

Graphs are made with older Geant3-based Monte Carlo in which fluka was used to calculate
flux of particles off the target, these were fed into Geant3 for tracking through the resto fo the
beam line.

Fluxes are calculated at 1040m from the target (front face of MINOS), so off by ~0.2% for
Minerva and not worth addressing in a talk.

Keep 1in mind that all fluxes (for display purposes) are plotted at a single point, whereas the
Minerva detector is large 1n transverse size. The transverse location of the neutrino
interaction in the detector will affect the flux and the energy spectrum of the beam by a small
amount, which 1s properly taken into account when calculating Monte Carlo data sets for
Minerva, but 1s left out of these display plots.

In the box plots, the z axis of the plot is proportional to the vertical axis of the 1D histograms
— flux at the detector location. Thus, the box plots are telling us which particles off the target
largely contribute to the neutrino flux at the detector.
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Full MINERVA Event Rates

Assume 4e20 POT in LE and 12e20 PT in ME Configurations

Fiducial Mass: CH = 3 tons, He = 0.2 tons, C = 0.15 tons, Fe = 0.7 tons, Pb = 0.85 tons, H20 = 0.3 tons
NEUGEN Predictions

Target Expected CC Event Sample (millions)
CH 9
He 0.6
C 0.4
Fe 2.7
Pb 2.7
H2O 1
Main CC Physics Topic Statistics in CH Scintillator
Quasi-Elastic 0.8 M
Resonance Production 1.7M
Transition: Resonance to DIS 21 M
DIS, Structure Functions, High-x PDF’s 4.3 M DIS
Coherent Pion Production 89 KCC, 44 KNC
Strange & Charm Production >240 K
Generalize Parton Distributions ~10 K
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Performance

* Kinetic energy needed to cross 10 planes:
e p>175 MeV, = > 85 MeV, y > 70 MeV.
* EM shower e,y > 50-60 MeV.
U Reconstruction:
e 85-90% stop in MINERVA or MINOS.
* dp/p ~5% for stoppers, 10-15% via curvature.
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Full Detector Analysis
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Candidate proton
track from the
anti-v data set.

| dEdX Profile for a Frozen event  Run 835/5ubrun 16: Gate 147: Timeslice 5
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